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Insulin resistance (IR) is a common pathophysiological condition associated with many metabolic diseases, including
obesity, prediabetes, type 2 diabetes mellitus (T2DM), and cardiovascular disease. The widely used homeostasis mod-
el assessment for IR (HOMA-IR) is usually used to estimate IR. However, this model cannot be used for screening IR
due to several logistic difficulties, such as costs and insulin instability, which are essential for measurement. Thus, find-
ing feasible alternatives is of paramount importance. This study aimed to evaluate the value of triglyceride/high-den-
sity lipoprotein-cholesterol (TG/HDL-c) ratio in predicting IR in healthy adult individuals. The study involved 83
euglycemic non-diabetic adults (=45 years old). Lipid profile, fasting insulin, fasting blood sugar (FBS), and glycated
hemoglobin were measured for all participants. The TG/HDL-c ratio was calculated by dividing TG by HDL. In-
sulin resistance was calculated using the HOMA-IR formula. The receiver operating characteristic (ROC) curve was
used to evaluate the predictive value of the TG/HDL-c ratio. The prevalence of IR among healthy adult Iraqis was
28.92%. Subjects in the IR group showed a higher TG/HDL ratio than the insulin-sensitive group (3.69%0.68 versus
2.71+1.0) with a significant difference. The area under the curve (AUC) for this ratio was 0.849, 95% CI= 0.763-
0.935, p<0.002. The sensitivity and specificity of the test were 83% and 81%, respectively, at a best cut-off value of
3.1 (IG/HDL ratio). The prevalence of IR among healthy adult Iraqis was 28.92%. Triglyceride/HDL-c ratio had
a very good predictive value for IR.
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INTRODUCTION

Insulin resistance (IR) is a concerning indicator for the
development of serious pathological conditions such as type 2
diabetes mellitus (T2DM), metabolic syndrome, atherosclerosis,
and hypertension. Thus, regular screening for IR in healthy in-
dividuals could be a good strategy to reduce the incidence of
these diseases. The current standard test for measuring IR is the
homeostasis model assessment for IR (HOMA-IR), but it is of-
ten impractical in clinical settings primarily due to differences in
gender, race, age, lifestyle (exercise), dietary habits, and metabolic
assets. [1]. Therefore, it is essential to identify a practical and
feasible alternative for the early detection of IR.

Dyslipidemia has been suggested as a potential tumor bio-
marker, with the triglyceride to HDL cholesterol (TG/HDL) ratio
being associated with various cancers [2]. This ratio is thought to
reflect insulin resistance (IR), a key factor in many metabolic dis-

cases, including cancer [3]. High-density lipoprotein cholesterol
(HDL-C) levels and hypertriglyceridemia are known to be key
factors in the pathophysiology of IR [4,5]. On the other hand,
fatty acid production is increased in cases of IR. This leads to in-
creased triglycerides (TG) as well as very low-density lipoprotein
(vLDL) production [6]. Accordingly, it is reasonable that IR is
associated with high levels of TG and low levels of HDL. This,
in turn, reduces HDL-C levels in individuals with IR. Conse-
quently, TG/HDL-C ratio has been proposed as a surrogate for
HOMA-IR to predict IR. While several studies worldwide have
shown the feasibility of using the TG/HDL-C ratio to predict
IR, variations in TG and HDL-C levels among different racial
and ethnic groups have been observed, which may affect the
accuracy of the ratio as a predictor [7,8]. In this study, we aimed
to investigate the predictive value of the TG/HDL-C ratio in
predicting IR in a sample of apparently healthy individuals
from Iraq.
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MATERIAL AND METHODS

The study enrolled 85 apparently healthy adult subjects of
both sexes from Al Bayan University and Al-Mustafa Universi-
ty College, Baghdad, Iraq, between September 2021 and April
2022. Participants were euglycemic non-diabetic adults 245 with
HbA1C less than or equal to 6.5%. Age, gender, smoking status,
place of residence, and family history of diabetes data were col-
lected. The participant's height (m), body weight (kg), BMI, and
waist circumference (WC) were measured.

Collection and preparation of samples

Participants in the study were instructed to fast for 8 hours
prior to blood sample collection. The following morning, 5 ml
of venous blood was collected from each participant. The blood
sample was split into two aliquots of 3 ml and 2 ml. Three mil-
liliters of blood were placed in a plain tube. The serum was re-
covered by centrifugation. Two milliliters of blood were placed in
ethylenediaminetetraacetic acid (EDTA) tubes for hematological
tests. Fasting blood glucose, glycated hemoglobin (HbAlc), and
lipid profiles were measured. Insulin resistance was calculated us-
ing the HOMA-IR formula as follows:

HOMA-IR = (FBS (mg/dl) x fasting insulin (mU/L) / 405
The TG/HDL-c ratio was calculated by dividing TG
concentration by HDL concentration.

Statistical analysis

The statistical analysis was performed using SPSS software
version 25.0 (SPSS, Chicago). Continuous data were presented
as mean and standard deviation and analyzed using a Student
t-test, while categorical variables were presented as percentages

and integers and analyzed using the Chi-square test. To deter-
mine the diagnostic value of the TG/HDL-c ratio in predicting
IR, receiver operating characteristic (ROC) curve analysis was
performed under the non-parametric assumption, and the cut-
off value with the highest sensitivity and specificity was calculat-
ed using the Youden Index [9]. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

Demographic and clinical characteristics

The mean age of the participants was 54.171£9.24 years,
with a range of 45-80 years, and 63.86% were males. Smok-
ing and family history were relatively common, accounting for
39.76% and 53% of the subjects, respectively. The mean weight
and height of the subjects were 82.73+11.94 kg and 166.67£5.83
cm, respectively, resulting in a mean BMI of 29.65£3.70 kg/m2.
Finally, the mean waist and hip circumferences were 93.42+19.2
cm and 105.75£21.62 cm, respectively (Table 1).

Most participants had a normal lipid profile, with only a
small minority exceeding normal limits. The mean serum levels of
total cholesterol (TC) and triglycerides (TG) were 182.78+£26.96
mg/dl and 146.65+49.79 mg/dl, respectively. High-density lipo-
protein (HDL) levels ranged from 41 to 59 mg/dl with a mean of
49.03%+4.64 mg/dl. The mean for low-density lipoprotein (LDL)
and very low-density lipoprotein (VLDL) were 99.44+19.28 mg/
dl and 34.28+9.16 mg/dl, respectively, and were almost within
the normal range. The calculated TG/HDL ratio was 3.0+1.07,
as shown in Table 2.

The mean fasting blood sugar and HbAlc were normal,
with values of 89.45+8.0 mg/dl and 5.07%£0.54%, respectively.
The mean fasting insulin level was almost normal, ranging from

3.62-25.3 mIU/L. However, the calculated HOMA-IR showed

Table 1. Baseline characteristics (N=85)

Variables Value
Mean+SD 54.17+9.24
Age, years
Range 45-80
53(63.86%)
Gender
Female 30(36.14%)
Never 50(60.24%)
Smoking
Ex/current 33(39.76%)
39(47%)
Family history
44(53%)
. MeantSD 82.73+11.94
Weight, kg
Range 58-112
i MeantSD 166.67+5.83
Height, cm
Range 151-179
Mean+SD 93.42+19.2
Waist circumference
Range 59-144
Mean+SD 105.75+21.62
Hip circumference
Range 64-152
Mean+SD 29.6543.70
BMI, kg/m?
Range 22.2-36.96
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Table 2. Lipid profile of participants

Variables Value
Mean+SD 182.78+26.96
Total cholesterol, mg/dI
Range 133-241
. . Mean+SD 146.65+49.79
Triglycerides, mg/dl
Range 81-328
MeantSD 49.03+4.64
HDL, mg/dI
Range 41-59
MeanzSD 99.44+19.28
LDL, mg/dI
Range 67.8-145
MeanSD 34.289.16
VLDL
Range 16.2-56
Mean+SD 3.0£1.07
TG/HDL
Range 1.5-7.29

considerable variation, with a mean of 2.37+1.18 and a range of
0.46-5.37, as shown in Table 3.

Insulin resistance rate

Out of 85 apparently healthy subjects, 26 subjects (28.92%)
had IR, while the other 59 subjects (71.08%) were insulin-sensi-
tive (Figure 1).

The association between demographic and
clinical characteristics and IR

The mean body weight and BMI were significantly high-
er in subjects with IR than in those with insulin sensitivity, with
values of 87.21£12.12 kg and 31.374£3.84 kg/m2, respectively,
compared to 80.92+11.84 kg and 28.95£3.45 kg/m?2, respec-
tively (Table 4). Although there was a higher proportion of fe-
males in the IR group than in the insulin-sensitive group (50% vs.
30.51%), the difference was not statistically significant.

The mean LDL in the IR group was significantly higher
(106.36£22.67 mg/dl) than that of the insulin-sensitive group
(33.81£9.02 mg/dl). However, most lipid profile components
were comparable between the two groups with no significant dif-
ferences. The mean TG/HDL ratio in the IR group was signifi-
cantly higher (3.69£0.68) than that of the insulin-sensitive group
(2.71%£1.0). Similarly, the mean LDL/HDL ratio in the IR group
was significantly higher (2.35£0.53) than that of the insulin-sen-
sitive group (1.9710.4), as shown in Table 5.

Fasting blood sugar and fasting insulin, as components of
the HOMA-IR equation, were much higher in the IR group than
in the insulin-sensitive group, with highly significant differences
(Table 6).

Predictive value of TG/HDL and LDL/HDL ratio
in detecting IR

The diagnostic value of the TG/HDL ratio in predicting
IR was evaluated using receiver operating characteristic (ROC)
curves. The AUC for TG/HDL ratio was 0.849, 95%CI= 0.763-
0.935, p<0.002, indicating a high level of accuracy in predicting
IR. The test had a sensitivity of 83% and specificity of 81%, with
a best cut-off value of 3.1. Conversely, for LDL/HDL ratio, the
AUC was 0.662, 95%CI= 0.528-0.707, with a sensitivity of 71%
and spectficity of 58%. The best cut-off value of the LDL/HDL
ratio was 2.0 (Figure 2). The positive likelihood ratio (LR) was
1.48, while the negative LR was 0.5.

DISCUSSION

The prevalence of IR among healthy adult Iraqis in this
study was 28.92%. However, comparing the reported rates of
IR around the world is challenging due to variations in threshold
values for insulinemia and HOMA, as well as the unique char-
acteristics of each study sample. Various authors have reported
different threshold values for insulinemia and HOMA as indica-

Table 3. Insulin resistance-related parameters

Variables Value
Mean+SD 89.45+8.0
FBS, mg/dI
Range 72-109
5.07+0.54
HbA1c, %
Female 4.19-6.3
Never 10.94£5.15
Fasting insulin, mIU/L
Ex/current 3.62-25.3
2.37+1.18
HOMA-IR
0.46-5.37
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Figure 1. IR rate in healthy subjects

tors of the onset of insulin resistance (IR). Insulinemia levels typ-
ically range from 16-16.7 mU/L, while HOMA threshold values
often fall between 2.0 and 4.6. A cut-off value of 2.6 for IR was
adapted in the present study [9]. Worldwide IR prevalence rates
range from 15.5% to 46.5% [10-12]. Compared to other stud-
ies, the present rate falls within an international context. Several
studies reported higher rates of IR than our study. For example,
in a cross-sectional study of 2026 adults in Venezuela, Bermudez
et al. [10] found an IR rate of 46.5% using the HOMA2-IR =
2 formula. A meta-analysis of 12 studies with a total of 2198
subjects by Goh et al. [13] reported that the general rate of IR
in Southeast Asia was 44.3%, with the highest rates in Malaysia
(50.4%) and Indonesia (44.2%). In Iran, the prevalence of IR
was reported as 51% [14], while in Hispanic subjects living in
Texas, USA, it was estimated to be 39.1%. In Qatar, IR preva-

lence in healthy, non-obese females varied from 7% to 37% ac-
cording to BMI and other demographic characteristics [15]. On
the other hand, several studies reported lower rates of IR than
the present study. For instance, the estimated rate was 17% in a
Danish study [11], and Kim et al. [16] found an incidence rate
of 6.9 per 100 persons/year in the Korean population. Rogero
Blanco et al. [9] also investigated IR in 118 non-diabetic young
adults aged 18 and 19 years, using a cut-off value of 3.5 for IR.
The study revealed a 9.3% rate of IR in individuals with healthy
weight, while this figure rose to 50% in the obesity group.

The determination of IR is influenced by many social, ge-
netic, epigenetic, and anthropometric variables [12], which can
explain the variations in the rates reported in different studies.
IR is a significant predictor of the risk of diabetes in non-obese
people, with up to an 80% increased risk reported in previous

Table 4. Association between demographic variables and IR

Variables Insulin sensitive (59)
Age, years 53.95+9.04
Gender

Male 41(69.49%)
Female 18 (30.51%)
Smoking

Never 37 (62.71%)
Ex/current 22 (37.29%)
Family history

No 28 (47.45%)
Yes 31(52.54%)
Weight, kg 80.92+11.84
Height, cm 166.17+6.02
WC, cm 93.17+19.37
HC, cm 105.64+21.5
BMI, kg/m? 28.95+3.45

WC - waist circumference; HC - hip circumference.

Insulin resistance (24) P-value
54.71£9.88 0.737
12 (50%)
0.094
12 (50%)
13 (54.17%)
0.471
11(45.83%)
11(45.83%)
0.893
13 (54.17%)
87.21£12.12 0.029
167.92+5.25 0.218
94.04+19.17 0.852
106.0+22.34 0.946
31.37+3.84 0.016
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Table 5. Association between lipid profile and IR

Variables Insulin sensitive (59)
Total cholesterol, mg/dI 179.86+24.35
Triglycerides, mg/dl 142.54+49.67
HDL, mg/dI 50.38+4.69

LDL, mg/dI 96.62+17.14
VLDL, mg/d| 33.81:9.02
TG/HDL ratio 2.71+1.0
LDL/HDL ratio 1.97+0.4

Table 6. Association of FBS and HbA1c with IR

Insulin resistance (24) P-value
189.96+30.45 0.116
166.75+49.68 0.141

45.15+4.55 0177
106.36+22.67 *0.036
35.44+9.59 0.466

3.69+0.68 *0.009
2.35+0.53 *0.019

Variables Insulin sensitive (59)
FBS, mg/dI 87.98+8.03
HbA1c, % 5.03£0.51
Fasting insulin, mIU/L 8.32+2.72
HOMA-IR 1.73£0.5

studies [17]. Since IR typically precedes the development of
T2DM by 10-15 years [18], it is estimated that approximately
25% of healthy Iraqi adults may develop T2DM within the next
15 years. In this study, body weight and BMI were significantly
associated with IR, while age, smoking, family history of T2DM,
height, WC, and HC had no significant association. Interestingly,
the IR rate was more common among females than males, al-
though there was no significant association. These findings are
consistent with previous studies worldwide, showing that increas-
ing age and being overweight or obese are independent risk fac-
tors for IR [19]. Additionally, Kim et al. [16] found a significant
association between IR and age (relative risk (RR) = 1.03, 95%

Insulin resistance (24) P-value
93.04+6.82 0.008
5.15+0.6 0.381
17.254.1 <0.001
3.94+0.85 <0.001

CI: 1.00-1.05) and waist-hip ratio (RR=1.74, 95% CI: 1.17-2.58)
in the Korean, while Bermudez et al. [10] reported that IR rate
increases with age (significantly greater in individuals 230 years),
employment status, alcohol consumption, and obesity.

Similarly, the reduction of lean mass and the increase in
visceral adiposity associated with aging have been strongly con-
nected with IR [20]. Furthermore, there is a notable discrepancy
among studies in population characteristics and IR assessment
methods, but sample size can also have a significant impact. In the
present study, most components of the lipid profile were not sig-
nificantly associated with IR, except for LDL, which was positive-
ly associated with IR. Previous studies indicated the importance

Figure 2. Receiver operating curve for TG/HDL and LDL/HDL ratios in detecting IR in healthy subjects.
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of TG and HDL as risk factors for IR. For example, Chiang et
al. [21] found that TG and HDL were significantly different
between individuals with and without IR, while TC and LDL
showed no significant association. Similarly, a study in China
with 1608 adult participants reported similar results [22]. Be-
cause insulin has an impact on how vLDL-C and HDL-C are
metabolized, patients with IR frequently exhibit hypertriglyceri-
demia and low HDL-C levels [23]. Insulin promotes lipoprotein
lipase (LPL) activity and reduces vLDL-C production. However,
IR causes the liver to produce more TG, which raises apolipo-
protein B levels via increasing fat generation, boosts vLDL-C se-
cretion, and lowers LPL concentration and activity in peripheral
tissues, particularly adipose tissue. Ultimately, decreased HDL-C
levels are a byproduct of increased TG levels [24].

In this study, the AUC for TG/HDL in predicting IR was
0.849 (95%CI= 0.763-0.935, p<0.002). The sensitivity and spec-
ificity of the test were 83% and 81%, respectively. The best cut-
off value of the TG/HDL ratio was 3.1. These findings suggest
that the TG/HDL ratio could serve as an alternative surrogate to
HOMA-IR in screening for IR. However, data on the effective-
ness of the TG/HDL ratio in detecting IR in various populations
are inconclusive, with different cut-off ratios reported in earlier
research. For example, McLaughlin et al. [25] suggested a TG/
HDL ratio to identify obese people who are IR, while Yang et
al. [22] reported a cut-off value of 3.0 in predicting IR among
overweight individuals. In a Taiwanese study, ROC analysis was
conducted to evaluate the ability of TG/HDL to correctly dis-
criminate between subjects of low and elevated HOMA-IR. The
AUC was 0.71 (95% CI = 0.67-0.75) [21].

It has been documented that there are variations in TG lev-
els and HDL-C values across different races and ethnicities. One
study found that non-Hispanic blacks had lower TG concentra-
tions compared to Mexican Americans and non-Hispanic whites
[7]. To predict IR using TG/HDL-C, the researchers suggested
a cut-off value of 2.0 for non-Hispanic blacks and 3.0 for Mex-
ican Americans and non-Hispanic whites. Additionally, the study
showed that individuals with a BMI under 25 kg/m2 had a greater
correlation between the TG/HDL-C ratio and hyperinsulinemia
[25]. However, in African Americans, it was demonstrated that TG
levels and TG-HDL-c ratio are not rchiable markers of IR [8].
Thus, the TG/ HDL-C ratio may be a good marker to identify
individuals with IR of Aboriginal, Chinese, and European descent
but not African Americans [26, 27]. The non-significant differenc-
es between patients with IR and those without IR regarding waist
circumference may be attributed to the type and duration of phys-
ical activities practiced by the participants, which was not assessed.

CONCLUSION

The study found a prevalence of IR of 28.92% among
healthy Iraqi adults, with body mass index, body weight, and
LDL-c being significantly associated with IR. The triglyceride/
HDL-c ratio showed a very good predictive value for IR with
an AUC of 0.849, 95%CI= 0.763-0.935. The sensitivity and
specificity of the test were 83% and 81%, respectively. The best
threshold value of the TG/HDL ratio was 3.1.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of interest.

© 2023 JOURNAL of MEDICINE and LIFE. VOL: 16 ISSUE: 4 APRIL 20

Ethical approval

The study design was approved by the Institutional Review
Board (Medical Ethics Committee - No. 132 in 12/12/2022) of
the College of Medicine, Al-Nahrain University.

Consent to participate
Written consent was obtained from all participants.

Data availability

All data generated or analyzed during this study are includ-
ed in this article. The datasets used and/or analyzed during the
current study are available from the corresponding author upon
reasonable request.

Authorship

All authors participated in the preparation of the manu-
script and approved the final version submitted. HQ examined
and referred the subjects. ZAG contributed to the collection of
cases and drafted the manuscript. OA-M performed the sta-
tistical analysis. OA-M and HQ contributed to conceptualiza-
tion, design, and interpretation. OA-M and ZAG supported the
manuscript drafting. All authors read and approved the final
manuscript.

REFERENCES

1. Martinez-Camblor P, Pardo-Fernandez JC. The Youden Index in the
Generalized Receiver Operating Characteristic Curve Context. Int J Biostat.
2019 Apr 3; 15(1):20180060. doi: 10.1515/1jh-2018-0060.

2. Zhao YY, Miao H, Cheng XL, Wei F. Lipidomics: Novel insight into the
biochemical mechanism of lipid metabolism and dysregulation-associated
disease. Chem Biol Interact. 2015 Oct 5;240:220-38. doi: 10.1016/j.
¢bi.2015.09.005.

3. Crocetto E, Pandolfo SD, Aveta A, Martino R, et al. Comparative Study of
the Triglycerides/HDL Ratio and Pseudocholinesterase Levels in Patients
with Bladder Cancer. Diagnostics (Basel). 2022 Feb 7;12(2):431. doi: 10.3390/
diagnostics12020431.

4. Han T, Cheng Y, Tian S, Wang L, et al. Changes in triglycerides and high-
density lipoprotein cholesterol may precede peripheral insulin resistance, with
2-h insulin partially mediating this unidirectional relationship: A prospective
cohort study. Cardiovasc Diabetol. 2016; 15:154. doi: 10.1186/512933-016-
0469-3

5. von Eckardstein A, Sibler RA. Possible contributions of lipoproteins and
cholesterol to the pathogenesis of diabetes mellitus type 2. Curr Opin Lipidol.
2011;22:26-32. doi: 10.1097/MOL.0b013¢3283412279

6. Karhapaa P, Malkki M, Laakso M. Isolated low HDL cholesterol: An insulin-
resistant state. Diabetes. 1994;43:411e7. doi: 10.2337/diab.43.3.411

7. LiC, Ford ES, Meng YX, Reaven GM. Does the association of the triglyceride
to high-density lipoprotein cholesterol ratio with fasting serum insulin differ
by race/ethnicity? Cardiovasc Diabetol. 2008; 7:4, doi: 10.1186/1475-2840-
7-4

8. Sumner AE, Finley KB, Genovese DJ, Criqui MH, Boston RC. Fasting
triglyceride and the triglyceride-HDL cholesterol ratio are not markers of
insulin resistance in African Americans. Arch Intern Med. 2005; 165(12):
1395-400. doi: 10.1001/archinte.165.12.1395

9. Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its
associated cut-off point. Biom J. 2005 Aug;47(4):458-72. doi: 10.1002/
bimj.200410135.

10.  Rogero Blanco ME, Albaiil Ballesteros MR, Sanchez Martin M, Rabanal
Basalo A, et al. Prevalence of insulin resistance in a young adult population.
Relationship with weight status. Endocrinol Nutr. 2012; 59(2): 98-104. doi:
10.1016/j.endonu.2011.10.009

11.  Bermudez V, Salazar J, Martinez MS, Chavez-Castillo M, et al. Prevalence
and associated factors of insulin resistance in adults from Maracaibo
city, Venezuela. Advanced Medicine. 2016; 2016: 9405105. doi:
10.1155/2016/9405105

12. Friedrich N, Thuesen B, Jorgensen T, Juul A, et al. The association between
IGF-I and insulin resistance: a general population study in Danish adults.
Diabetes Care. 2012; 35(4): 768-73. doi: 10.2337/dc11-1833

13. QuH, Li Q, Rentfro AR, Fisher-Hoch SP, McCormick JB. The definition of
insulin resistance using HOMA-IR for Americans of Mexican descent using
machine learning. PLoS One. 2011; 6(6): ¢21041. doi: 10.1371/journal.
pone.0021041

2

23 673



19.
20.

21.

674

JOURNAL of MEDICINE =nd LIFE

Goh LPW, Sani SA, Sabullah MK, Gansau JA. The Prevalence of Insulin
Resistance in Malaysia and Indonesia: An Updated Systematic Review and
Meta-Analysis. Medicina. 2022; 58: 826. doi: 10.3390/medicina58060826
Ziaee A, Esmailzadehha N, Oveisi S, Ghorbani A, Ghanei L. The threshold
value of homeostasis model assessment for insulin resistance in Qazvin
Metabolic Diseases Study (QMDS): assessment of metabolic syndrome. J Res
Health Sci. 2015; 15(2): 94-100

Elrayess A, Nasser M, Amina SE, Abdelhamid K. Prevalence and Predictors
of Insulin Resistance in Non-Obese Healthy Young Females in Qatar. Int J
Environ Res Public Health. 2020; 17(14): 5088. doi: 10.3390/ijerph17145088
Kim JI, Huh JY, Sohn JH, Choe SS, et al. Lipid-overloaded enlarged
adipocytes provoke insulin resistance independent of inflammation. Mole
Cellular Biol. 2015; 35(10): 1686-99. doi: 10.1128/MCB.01321-14

Owei I, Umekwe N, Provo C, Wan J, Dagogo-Jack S. Insulin-sensitive and
insulin-resistant obese and non-obese phenotypes: role in prediction of
incident pre-diabetes in a longitudinal biracial cohort. BMJ Open Diabetes
Res Care. 2017; 5(1):¢000415. doi: 10.1136/bmjdrc-2017-000415

Freeman AM, Pennings N. Insulin Resistance. Stat Pearls, 2021.

Pan SY, de Groh M, Aziz A, Morrison H. Relation of insulin resistance with
social-demographics, adiposity and behavioral factors in non-diabetic adult
Canadians. ] Diabetes Metab Disord. 2016;15:31. doi: 10.1186/540200-
016-0253-7

Bonora E. Insulin resistance as an independent risk factor for cardiovascular
disease: clinical assessment and therapy approaches. Diabetologia.
2005;21:255-61. doi: 10.1046/j.1463-1326.1999.0010s1023.x

22.

23.

24.

25.

26.

27.

Chiang JK, Lai NS, Chang JK, Koo M. Predicting insulin resistance using the
triglyceride-to-high-density lipoprotein cholesterol ratio in Taiwanese adults.
Cardiovasc Diabetol. 2011; 10: 93. doi: 10.1186/1475-2840-10-93

Yang Y, Wang B, Yuan H, Li X. Triglycerides to High-Density Lipoprotein
Cholesterol Ratio Is the Best Surrogate Marker for Insulin Resistance in
Nonobese Middle-Aged and Elderly Population: A Cross-Sectional Study. Int
J Endocrinol. 2021; 2021:6676569. doi: 10.1155/2021/6676569

Lewis GE Steiner G. Acute effects of insulin in the control of VLDL
production in humans. Implications for the insulin-resistant state. Diabetes
Care. 1996; 19(4):390-393. doi: 10.2337/diacare.19.4.390

Taniguchi CM, Emanuelli B, Kahn CR. Critical nodes in signalling pathways:
insights into insulin action. Nat Rev Mol Cell Biol. 2006; 7(2): 85-96. doi:
10.1038/nrm1837

McLaughlin T, Abbasi F, Cheal K, Chu J, et al. Use of metabolic markers to
identify overweight individuals who are insulin resistant. Ann Intern Med.
2003;139(10):802-809. doi: 10.7326/0003-4819-139-10-200311180-00007
Gasevic D, Frohlich J, Mancini GB, Lear SA. The association between
triglyceride to high-density-lipoprotein cholesterol ratio and insulin resistance
in a multiethnic primary prevention cohort. Metabolism. 2012; 61(4): 583-9.
doi: 10.1016/j.metabol.2011.09.009

© 2023 JOURNAL of MEDICINE and LIFE. VOL: 16 ISSUE: 4 APRIL 2023



